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(54) Title: METHOD AND APPARATUS FOR MONITORING AND ESTIMATING THE AWAKENESS OF A PERSON 
(57) Abstract 

For monitoring and estimating a person's wakefulness, a 
stationary pressure sensitive means (2, 3, 4) contacts part of that 
person's (1) body, and generates a signal in correspondence to that 
person's body movements relative to said means. A detector/filter 
circuit (5) connected to said means, separates signals corresponding 
to true body movements, hearbeat-related body movements, and 
respiration-related body movements. Calculation and comparison 
circuits (6, 9; 7, 10; 8, 1 1) are adapted to receive these signals and 
compare them with previously received signals to determine possible 
changes. A correlator (12) correlates the output signals from the 
calculation and comparison circuits to produce a resulting change 
signal which is compared with a preset wakefulness threshold in a 
threshold detector circuit (13). An alarm device (14) is triggered, 
when the preset threshold is reached as an indication of a reduced 
degree of wakefulness. 
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Method and apparatus for monitoring and estimating the 
awakeness of a person, 

TECHNICAL FIELD 

The invention relates to a method and an apparatus for 
monitoring and estimating a person's wakefulness and, there- 
by, drowsiness, 

5 

BACKGROUND OF THE INVENTION 

It is known, e.g. from the article "Determination of sleep 
state in infants using respiratory variability", PEDIATR. 
RES. 1987, Haddad, GG, JENG, HJ, LAI, TL, MELLINS RB. , that 
10 in connection with cardiac/respiratory research on infants, 
changes in the cardiac/respiratory activity at short, in- 
stantaneous (REM/Rapid Eye Movement) sleep differ from 
corresponding changes at calm, deep sleep. 

15 BRIEF DESCRIPTION OF THE INVENTION 

The object of the present invention is to utilize a corre- 
sponding relationship between the cardiac/respiratory func- 
tion and a person's body movements in order to estimate that 
person's wakefulness and, thereby, the drowsiness of the 

20 person in question. 

This is attained by means of the method according to the 
invention in 

- that an electric signal is generated in response to said 
25 person's body movements relative to at least one stationary 

pressure sensitive means which contacts at least a portion of 
said person's body, 

- that signals are separated from said electric signal in 
correspondence to the duration and magnitude of true body 

30 movements, the amplitude of heartbeat-related body movements 
as a function of rate, and the amplitude of respiration- 
related body movements as a function of rate, 

- that the duration and magnitude of said true body movements 
as well as the time-interval between same are measured and 

35 compared with previously m asur d corresponding values to 
determine possible changes, 

- that the amplitude of every heartbeat-related and every 
respiration-related body movement as well as the time-in- 
terval b tween at 1 ast two successive heartbeats and respi- 
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rations , are measured and compared with previ usly m asured 
corresp nding values to determine possible changes, 

- that heartbeat-related and respiration-related changes are 
correlated with true body movement changes, 

5 - that the resulting change is compared with a preset wake- 
fulness threshold and 

- that an alarm is triggered when the threshold is reached as 
an indication of a reduced degree of wakefulness. 



10 The object is also attained by means of the apparatus accor- 
ding to the invention, which comprises 

- at least one stationary pressure sensitive means which is 
adapted to contact at least a portion of said person's body, 
and to generate an electric signal on its output terminal in 

15 response to said person's body movements relative to same, 

- a detector/filter circuit, connected to the output terminal 
of said at least one stationary pressure sensitive means, and 
adapted to separate, from said electric signal, signals 
corresponding to the duration and magnitude of true body 

20 movements, to the amplitude of heartbeat-related body move- 
ments as a function of rate, and to the amplitude of respira- 
tion-related body movements as a function of rate, and output 
these separated signals on corresponding output terminals, 

- a first calculation and comparison circuit which is adapted 
25 to receive, on its input terminal, said signal corresponding 

to true body movements, to calculate the duration and magni- 
tude of the true body movements as well as the time interval 
between same, and to compare these calculated values with 
previously calculated corresponding values to determine 
30 possible changes, 

- a second and a third calculation and comparison circuit 
which are adapted to receive, on their input terminals, said 
signal corresponding to heartbeat-related and respiration- 
related body movements, respectively, to calculate the 

35 amplitude of every heartbeat-related and every respiration- 
related body movement, respectively, as well as the time 
interval between at 1 ast two successive heartbeats and 
respirations, respectively, and to compare these calculated 
values with previously calculated corresponding values to 
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determine possible changes, 

- a correlator, c nnected to the the utput terminals of said 
three calculation and comparison circuits, and adapted to 
correlate heartbeat-related and respiration-related changes 

5 with true body movement changes, 

- a threshold detector circuit, connected to the output 
terminal of the correlator, and adapted to compare the 
resulting change with a preset wakefulness threshold, and 

- an alarm device, connected to the output terminal of the 

10 threshold detector circuit, and adapted to trigger alarm when 
the preset threshold is reached as an indication of a reduced 
degree of wakefulness. 

The advantage of the invention is that, by means of the 
15 method and the apparatus according to the invention, it is 
possible, in an efficient manner, to monitor the degree of 
wakefulness of e.g. drivers of different types of vehicles 
(cars/buses/trains/boats/aircrafts) without disturbing the 
monitored person in that also the body movements of the 
20 monitored person are taken into account. Other suitable 

groups to monitor may be persons having a sedentary occupa- 
tion such as students, guards, operators in process plants, 
nuclear power plants, etc. 

25 Moreover, the invention can be applied when studying syndroms 
characterized by state-dependent changes in heart and respi- 
ratory rate, such as sleep apnea or autonomic neuropathy. 

Of course, it is also possible to apply the invention to 
30 other types of analyses aiming at establishing the state of 
wakefulness within different occupational groups or at diffe- 
rent illnesses or other types of sleep disturbances. 

BRIEF DESCRIPTION OF THE DRAWING 

35 

The invention will be described below in connection with an 
embodiment with refer nee t the appended drawing on which 

Fig. 1 shows a flow chart of the method according to th 
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Figs. 2a-f are diagrams of variations of cardiac R-R at 
different sleep stages, and 

5 

Fig. 3 shows a block diagram of an embodiment of an apparatus 
according to the invention. 

PREFERRED EMBODIMENT 

10 

The invention is based on an investigation of a number of 
adults in a sleep laboratory using paper polysomnography and 
an equipment marketed under the trademark "SleepBox". 

15 Different sleep stages were determined in accordance with 
classic neurophysiologic criteria. Cardiac R-R intervals, 
i.e. the time intervals between two heartbeats, and respira- 
tory intervals as well as the amplitude of the waves were 
measured both manually and by means of wave detectors in 

20 epochs of 30 - 60 s. The intervals were determined over 15 
min periods for each sleep/wakefulness stage. It is of course 
also possible to determine the intervals continuously which 
is done in connection e.g. with computer analysis. State- 
dependent beat-to-beat patterns were studied by plotting each 

25 R-R and respiratory interval against the previous interval. 
The results showed the highest beat-to-beat and respiratory 
variability during wakefulness and a large dispersion during 
REM with a progressive decrease during sleep, related to the 
sleep level. The smallest variations were attained on deep 

30 sleep. 

In view of these results, a decision rule was developed for 
classifying different sleep stages according to the cardiac 
R-R and respiratory variability. This rule has been tested on 
35 normal healthy adults and the results show that more than 80% 
of the epochs are classified c rrectly. 

A process in accordance with the method according to the 
inv ntion is described below with reference to Fig. 1. The 
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described method is normally implemented by means of soft- 
ware. A pers n is sitting and driving e.g. a car or another 
vehicle. Pressure sensitive, stationary plates or sensors are 
installed in the seat or the back of the seat and where 
5 appropriate possibly in a safety belt. The plates can be PVDF 
films possibly in combination with electrostatic plates. The 
driver's body movements cause different pressures against the 
plates which continuously register the pressure and the 
movements. 

10 

In a manner known per se, the plates generate electrical 
output signals which are detected and analyzed. Besides 
movements of the body, also the cardiac function and the 
respiratory function can be detected by means of these output 

15 signals. The amplitude and rate of the cardiac function are 
detected as are the amplitude and rate of the respiratory 
function. Depending on the driver's degree of wakefulness, 
the magnitude of these parameters varies. The signals are now 
to be analyzed and can either be analyzed directly or be 

20 stored in a memory for later transmission or be transferred 
simultaneously by wireless communication to a personal 
. computer for storing and further processing of data. Analysis 
and processing of the signals take place continuously in a 
system which is designed for the purpose and coupled to the 

25 plates via wires or wirelessly connected to the plates, in 
which system each signal is analyzed independently of the 
other signals. The rate and amplitude of each heartbeat- 
related or respiration-related body movement, are calculated. 
The time intervals between two successive signals, are 

30 measured. Upon registering true body movements, the duration 
of the movements as well as the magnitude of the movements, 
are measured. Moreover, the time interval between movements 
is measured. The body movements are classified in accordance 
with duration and magnitude. 

35 

Moreov r, in the system, the variations in time interval, 
amplitude and rate for each heartbeat and respiration, are 
compared with corresponding values for pr vious r successive 
heartbeats and r spirati ns. Respiration and heartbeat 
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changes are c rrelated with b dy movement changes. In order 
to btain further information, it is also possible to regis- 
ter the pressure of the person's head against a head rest, if 
any. 

5 

By statistical analysis including i.a. multiple regression, 
it can be shown that there is a direct relationship between 
said parameters and changes in the person's degree of wake- 
fulness. The system continuously compares processed data with 
10 the previously obtained standard material. Upon a reduced 
degree of wakefulness an alarm is triggered at a certain 
threshold level, which alarm can be an audio signal and/or a 
light signal. 

15 Analysis and processing of data are carried out by means of a 
computer system controlled by an analysis program. When 
needed, the program reconstructs all signals which can then 
be presented on a screen (not shown) connected to the system. 
Also, the final result can be presented in the form of 

20 histograms or statistic tabels. 

Figs. 2a-f show the variation when measuring cardiac R-R in 
relation to the previous interval in different stages of 
sleep/wakef ulness • 

25 

From Fig. 2a it is apparent that the variation is largest 
when awake. Fig. 2b shows the variation during REM, while 
Figs. 2c-e show the variation at different sleep stages. As 
apparent, the variation decreases with deeper sleep. Fig. 2f 
30 shows that the variation increases at the reawakening. The 
horizontal axis indicates RR, i.e. the value actually measu- 
red. The vertical axis indicates RR+1, i.e. the value measu- 
red in the preceding interval. 

35 In Fig. 3, in the form of a block diagram, an embodiment of 
an apparatus according t the invention, is shown. The 
emb diment r lates t monitoring a driver 1 f a vehicle. As 
mentioned above, the driver 1 is in c ntact with pressure 
sensitive plates 2-4, which detect the driver's 1 body 
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movements. The plates 2-4 generate output signals which ar 
det cted and filtered in respect of signal type in a detec- 
tor/filter circuit 5. The different signal types are those 
corresponding to true body movements, heartbeat-related body 
5 movements and respiration-related body movements. From output 
terminals on the filter circuit 5, the signals are supplied 
to input terminals of calculation circuits 6-8 for calcula- 
tion, in the circuit 6, of rate and amplitude for each 
heartbeat as well as the time interval between the heart 

10 beats, in the circuit 7, of rate and amplitude for each 

respiration as well as the time interval between the respira- 
tions, and, in the circuit 8, of the duration and magnitude 
of a true body movement as well as the time interval between 
true body movements. Comparison circuits (comparators) 9-11 

15 receive on their input terminals, output signals from the 
circuits 6-8 and compare for each function, i.e. hearbeat- 
related body movements, respiration-related body movements, 
and true body movements, the time interval variation, the 
variation in amplitude for heartbeat-related body movements 

20 and respiration-related body movements, respectively, with 
corresponding values for previously registered heartbeats and 
respirations, respectively, stored in memory means not shown. 

A corresponding comparison is done in the circuit 11 for the 
25 duration, magnitude and variation of time intervals for true 
body movements. Thus, the output signals from the circuits 9- 
11 are controlled by said parameters and are supplied to 
input terminals of a correlator 12 in which heartbeat-related 
changes, respiration-related changes and true body movement 
30 changes are correlated. Since a direct relationship exists 
between the parameters and the degree of wakefulness, the 
parameter values will change upon e.g. a reduced degree of 
wakefulness. By means of a threshold detector circuit 13, 
such a threshold for the degree of wakefulness can be preset, 
35 at which an alarm is triggered, which activates an alarm 

device 14 in the f rm of e.g. an alarm bell r an alarm lamp 
or both, if suitable. 15 designates a visual presentati n 
devic , e.g. a screen. 
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CLAIMS 



10 



1. A method of monitoring and estimating a person's wakeful- 
ness and, thereby, drowsiness, characterised in 

- that an electric signal is generated in response to said 
person's body movements relative to at least one stationary 
pressure sensitive means which contacts at least a portion of 
said person's body, 

- that signals are separated from said electric signal in 
correspondence to the duration and magnitude of true body 
movements, the amplitude of heartbeat-related body movements 
as a function of rate, and the amplitude of respiration- 
related body movements as a function of rate, 

15 - that the duration and magnitude of said true body movements 
as well as the time-interval between same are measured and 
compared with previously measured corresponding values to 
determine possible changes, 

- that the amplitude of every heartbeat-related and every 
20 respiration-related body movement as well as the time-in- 
terval between at least two successive heartbeats and respi- 
rations, are measured and compared with previously measured 
corresponding values to determine possible changes, 

- that heartbeat-related and respiration-related changes are 
25 correlated with true body movement changes, 

- that the resulting change is compared with a preset wake- 
fulness threshold and 

- that an alarm is triggered when the threshold is reached as 
an indication of a reduced degree of wakefulness. 

30 

2. An apparatus for monitoring and estimating a person's 
wakefulness and, thereby, drowsiness, characterized by 

- at least one stationary pressure sensitive means (2, 3, 4) 
which is adapted to contact at least a portion of said per- 

35 son's (l) body, and to generate an electric signal on its 
output terminal in response to said p rs n's body movements 
relative to same, 

- a detector/filter circuit (5) , conn ct d to the output 
terminal of said at least one stationary pressure sensitive 
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means (2, 3 # 4), and adapted to separate, from said lectric 
signal, signals corresp nding to the duration and magnitude 
of true body movements, to the amplitude of heartbeat-related 
body movements as a function of rate, and to the amplitude of 
5 respiration-related body movements as a function of rate, and 
output these separated signals on corresponding output 
terminals, 

- a first calculation and comparison circuit (8, 11) which is 
adapted to receive, on its input terminal, said signal corre- 

10 sponding to true body movements, to calculate the duration 
and magnitude of the true body movements as veil as the time 
interval between same, and to compare these calculated values 
with previously calculated corresponding values to determine 
possible changes, 

15 - a second and a third calculation and comparison circuit (6, 
9 and 7, 10, respectively) which are adapted to receive, on 
their input terminals, said signal corresponding to heart- 
beat-related and respiration-related body movements, respec- 
tively, to calculate the amplitude of every heartbeat-related 

20 and every respiration-related body movement, respectively, as 
well as the time interval between at least two successive 
heartbeats and respirations, respectively, and to compare 
these calculated values with previously calculated correspon- 
ding values to determine possible changes, 

25 - a correlator (12), connected to the the output terminals of 
said three calculation and comparison circuits (6, 9; 7, 10; 
8, 11), and adapted to correlate heartbeat-related and respi- 
ration-related changes with true body movement changes, 

- a threshold detector circuit (13), connected to the output 
30 terminal of the correlator (12), and adapted to compare the 

resulting change with a preset wakefulness threshold, and 

- an alarm device (14), connected to the output terminal of 
the threshold detector circuit (13), and adapted to trigger 
alarm when the preset threshold is reached as an indication 

35 of a reduced degree of wakefulness. 

3. Apparatus according to claim 2, oharacteris d in that at 
least one pressur sensitive means (2, 3, 4) comprises at 
least on pressure sensitive plate f PVDF film. 
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4. The apparatus according to claim 2, characterised in that 
said at least one pressure sensitive means (2, 3, 4) compri- 
ses at least one pressure sensitive plate of PVDF film in 
combination with at least one electrostatic plate. 

5. The apparatus according to any of claims 2-4, charac- 
terized in that said at least one pressure sensitive means 
(2, 3, 4) is installed in the seat and/or the back rest 
and/ or the safety belt in a vehicle, in a bed, etc. 

6. The apparatus according to claim 2, characterized in that 
said alarm device (14) is adapted to generate an audio 
signal. 



15 7. The apparatus according to claim 2, characterized in that 
said alarm device (14) is adapted to generate a light signal. 

8. The apparatus according to claim 2, characterized in that 
said alarm device (14) is adapted to generate an audio signal 
20 as well as a light signal. 
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